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FOREWORD 

This  report  was  prepared  by  the  Mapping  and  Charting  Research 
laboratory  of  the  Ohio  State  University  Research  Foundation,  under 
USAF  Contract  No.  AF  18(600)90.  The  contract  was  administered  under 
the  direction  of  the  Mapping  and  Charting  Branch,  Photographic 
Reconnaissance  Laboratory,  Air  Research  and  Development  Command, 
Wright-Patterson  Air  Force  Base,  Dayton,  Ohio  with  Mr.  D.  L.  Radcliffe, 
Chief  of  the  Mapping  and  Charting  Branch,  as  Project  Engineer. 

Research  and  Development  Order  Ho.  R683-44,  "Charting,  Aeron¬ 
autical,  Photogramme  try  and  Geodesy,"  and  R683-58,  "Aeronautical 
Charting  Systems,"  are  applicable  to  this  report. 

This  report  is  identified  by  the  Ohio  State  Research  Foundation 
as  OSURF  Technical  Paper  157,  Project  485. 
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ABSTRACT 

In  many  of  the  current  radar  seta,  ground-range  presentation 
is  not  available.  However,  partial  compensation  for  the  slant-range 
distortion  can  be  obtained  by  changing  all  of  the  ranges  by  a  constant 
amount,  known  as  the  "altitude  delay."  A  basis  for  selecting  the  magni¬ 
tude  of  this  delay  is  described  in  this  paper  and  a  graph  is  provided 
for  its  determination. 
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*•  St»t— oat  of  tho  Fro^lf 

1.1  Various  methods  for  compensating  for  th«  offoet  of  the  slant 
rone*  presentation  of  tho  customary  radar  oot  have  too*  proposed.  Tho 
■oo t  satisfactory  method,  at  least  la  theory,  is  tho  inclusion  la  tho 
radar  sot  of  circuits  which  automatically  compute  aad  proseat  tho  correct 
ground  range. 

1.2  la  maay  of  tho  ourroat  radar  sets,  however,  partial  compensation 
for  this  effect  is  obtained  by  changing  all  the  ranges  by  a  ceastaat 
amount ,  kaowa  as  the  "altitude  delay."'  Considerable  arbitrariness 
exists  ia  the  choice  of  the  value  to  be  used  for  this  delay. 

1.3  If  the  slant  ranees  are  changed  by  on  amount  squad  to  the  altitude 
of  the  aircraft,  the  "altitude  hole"1  la  eliminated.  The  resulting  pre¬ 
sentation  is  neither  "ground  range"  mer  "slant  range."  When  the  altitude 
delay  is  selected  arbitrarily,  this  last  statement  uaually  holds. 

l.h  low,  we  know  that  for  many  combinations  of  scope  letting  and 
altitude  the  difference  between  slant  and  ground  ranges  is  so  small,  over 
certain  portions  of  the  scope  face,  that  it  is  incapable  of  detection. 
Thus,  over  these  portions  of  the  scope,  we  may  assume  that  we  have  a 
groumd  range  presentation.  These  considerations  suggest  the  following 
criterion  for  selecting  the  altitude  delay. 

1.5  ?or  a  particular  combination  of  altitude  aad  range  setting  on 
the  scope, the  altitude  delay  is  to  be  chosen  so  as  to  maximize  the  area 
on  the  scope  in  iditch  the  assumption  of  ground  range  presentation  is 
valid. 

1.6  That  this  criterion  completely  determines  the  altitude  delay  as 
a  function  of  aircraft  altitude  and  range  setting  may  be  seen  in  the 
following  section. 
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II.  Determination  of  the  Delay 

2.1  Dae  to  the  difficulties  inherent  in  the  processes  of  identification 
and  measurement  on  a  radar  scope  photograph,  it  seems  safe  to  assume  that 
we  cannot  determine  the  position  of  a  "point"'  on  a  photograph  with  a 
precision  exceeding  O.Ol  inch.  Thus,  since  the  radius  of  the  scope 

face  is  about  2.5  inches,  we  cannot  determine  the  range  at  a  "point"'  on 
a  photograph  with  a  precision  better  than  ^  5^^n*  where  is  the 

range  setting  of  the  scope. 

2.2  Let  h  be  the  alreraft  altitude,  d  the  altitude  delay,  and 
let  B  and  r  denote  the  slant  and  ground  ranges,  respectively,  to 
a  point  P  on  the  scope  photograph.  Then  the  condition  that  the 
assumption  of  ground  range  presentation  be  valid  at  P  is 


|R-d-r|  *  250  , 

and  the  condition  that  this  assumption  bs  valid- on  an  interval 
Jtx  *  B  *  Ba  is  |R-  d-  r|  *  for  Ri  *  B  <  Ra  . 

2.3  Since  our  conditions  do  not  Involve  the  asinuth,  it  follows 
that  the  problen  of  maximising  the  area  on  the  scope  in  which  the 
assumption  of  ground  range  presentation  is  valid  is  equivalent  to 
naxinislag  the  length  of  the  interval  R*  *  B  *  R*  j  i.e-i  it  is 
equivalent  to  maximising  the  difference  R«  -  Bi . 


R-  r  -  B- y  R3  -  ha 

is  a  decreasing  function  of  R,  Hence,  B*  ,  B*  ,  and  d  satisfy  the 

inequalities  _ 

-  y  ij-  h*  -  A  *  kH_  \ 


d-Ra  ♦  / <-h*  *  k^ 


h  «  Rx,Rn  •  B_  , 


where  k  * 


250  • 
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2.5  Iliminating  d  from  the  first  two  inequalities. 


Hi  -  J  Bf  -  ha  *  Ra  -  /  H|-  ha  +  2*2^  . 


2.6  Hence,  if 


h  *  R  (1  +  2k)  -  7  R|-  ha  , 


vuvu 

Rx  -  J  Ri  -  h3  Rb(1  +  2k)  -  J  R3-  h3  *  Ra  -  J  Ra-  h3  +  21®^  ,  (4) 

and  the  inequality  (2)  is  satisfied  by  all  values  of  Rx  and  Ra 
lying  between  h  and  R  .  In  this  case,  the  difference  Ra-Rx 
is  a&xinised  if  we  take  Rx  ■  h  and  Re  *  R,.  The  Talus  of  d  is  not 
uniquely  determined.  Any  ralue  of  d  satisfying 

v  lb  <  j  <  s  h  xil  /  ij3  t 


h-  kRa*  d  *  Rb(1  +  k)  -7  R3  -  h3 

will  satisfy  the  inequalities  (l).  In  order  to  have  a  single  value 
for  d,  we  choose  the  smaller  of  the  two  extreme  values;  i.e., 


h-  kR  ,  kR  -  h  R  (1+  2k)  -  J  R*-ha 


0  ,  h  «  kR 


2-7  Row,  suppose 


h  *  R  (1+  2k)  -  7  R3  -  ha 


Then  there  are  values  of  Rx  and  Ra  for  which  the  sign  of  equality 
holds  in  (2).  The  inequality  (2)  may  be  transformed  Into  the  inequality 


Ra-Rx  * 


Ra  -  h3  -  kR 

_ n 

H a«y  R^r? 

2  kR 


The  numerator  of  this  fraction  Increases  with  Ra  »  while  the 
denominator  decreases  as  Ra  Increases.  Hence,  the  fraction 
increases  as  Ra  lhoreaaesmnd  the  maximum  value  of  Ra  -  Rx  is  obtained 
for  Ra  ■  R^; 

max. (Ra  -  Rx )  ■ 
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(10) 


2.8 

Them 


Let  h,  -  H*(l*2k)  -  J  iJ-bF  • 

*_2k  +  2k*)  -  l»g*fk) 
Rx  *  H.a  ♦2  k)  -  ^  wU 

2k, 


*  k  , 


(U) 


with  tka  equality  sign  hoi  dime  If#  and  only  if,  k  ■  k,  .  Tkaa,  tka 
solution  el ran  by  (9)  la  valid  far  k  h  h,  ,  but  doe a  aot  hold  wham 
h  <  k,  (since  them  Hi  ■  k)  , 


2.9  Whom  h  *  h,  , 

, -  ha*ha 

-  </*?-**  -  Tsf 

ao  that,  from  (l)*  d  muat  aatlafy 


(12) 


h,  -  kH,  <  d  *  h,-kV> 

vhamea 

d  -  h#-  kR, ■  B.a  ♦  k)  -  /  R»  -  ha  (13) 


2.10  Recapitulating,  we  have 

Ha  *  B*  , 


Hi  « 


wham  h  4 
wham  h  * 


Ho 

Ho 


H«a^2k) 


(14) 

(15) 


f  0  ,  whem  h  *  kRB 

■  h  -  kB, ,  whom  kH,  <  h  *  k, 
,  ho  -  kRa ,  whom  h,  *  h 


(16) 


2.11  The  curvea  contained  im  figures  1  and  2,  pages  5  &>d  6,  illuatrata 
thaae  fumctloma.  To  facilitata  tha  computations  of  theaa  curvea,  the 
following  parameters  were  introduced: 


aim  6  -  ^ 


P 


(17) 

(18) 
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FIGURE  I 


d • DELAY 


RANGE  SETT  DM 


FIGURE  E 
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la  tenia  of  then  parameters,  equation  (14),  (15),  end  (16)  become 


*B2l i. 


1  -  1  In  6,  vhem  iln  9  *  2  kp 

*  *  •  2  k,  when  sin  6  *  2  kp, 
p 


(19) 


0  ,  when  ala  0  <  k 

■  1»  9  -  k,  when  k  <  aim  0  *  2kp  (20) 

k(2p*l)  ,  vhem  aim  6  *  2kp  , 

of  0a  90#  for  vhieh 

-  V1+2*d  -  (21) 

■ay  be  obtained  aa  follower  Dividing  through  by  B,  , 


sin  90  9  1  ♦  2  k »  eoe  0o  , 

(22) 

or 

elm  («o  +  *50)  -  ^=r  , 

(23) 

whence. 

•0  *  <•**  -  *5°  • 

(24) 

and 

.1.  t.  -  , 

2 

(25) 

CO.  ,0  .  1±JBL*A-  *-  *<t»  . 

2 

(26) 

±_ 

*■ 


where  k 


250  , 


2.12  The  critical  value 

h 


2.13  The  following  values  illustrate  the  reading  of  the  respective 
figure*. 

Im  Figure  1,  vhem  h  -  15.0  ami  I,  ■  50.0,  d  »  2.5  and  %-Sj  *  ?v0  . 
Im  Figure  2, when  h  ■  3.0  and  1*  -  30.0j  4  «  0.27 . 
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III.  The  Increase  in  Usable  Range 


3.1  Figure  3 «  page  IQ,  illustrates  the  increase  in  usable  range 
given  by  the  delays  determined  fro*  Figure  2  when  compared  to  xero 
delay  (slant  range  presentation).  When  no  altitude  delay  is  used 
all  ranges  satisfying  the  Inequalities 

R  -  y  R8-  ha  *  kB*  ,  ) 

h  <  E  w  B.  j 

my  be  assuaed  to  be  ground  ranges.  If  h  *  kR*  , 


R  -  /FT?  kRa, 

and  all  ranges  fro*  h  to  RB  are  usable  as  ground  ranges.  When 
h  *  kX.,  all  ranges  satisfying 


where 


Ro  ^  R  ^  Ra  , 

Ro  -  y  -  ha  «  kRB  , 


■ay  be  asstued  to  be  ground  ranges.  We  find 


(L.at 


3.2  Thus, 


'213,*  2 


h  *  kRa 
h  *  kB,  . 


33  The  requlrenent  R0  <  R*  has  yet  to  be  satisfied.  We  find 

h8  *  Ra  (2k-  k8)  , 

or  h  <  R.  y2k  -  k8  .  (33) 

3.b  Thus,  for  the  usable  portioar  of  tho  scope  range,  vo  have 

1R*  -  h  ,  for  h  <  kBa 

*■<!-■§ )  -  i  for  kRa*  h  *  B./ihTi?  (34) 

0  ,  for  h  *  Ra  JTk  -  k8  , 
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or  in  terns  of  6 


«n~  *o 

*» 


1  -  sin  0 


,  for  sin  ©  *  k 


1  “  i  ■  H**  • for  k  *  ■la  6  * 

0  i  for  sin  0  *  J  7  k 


3.5  The  improvement  in  usable  range,  measured  by  H<,  -  R*  ,  is 
then  given  by 

!•  ,  for  0  *  sin  8  *  k 

^75—  -  sin  0  ,  for  k  *  •!»  •  *  bin  0O 

l^k  +  s|2fe  .  ]  .  Ik  ,  f«r  sin  0O  <  sin  0  *  Jz  k-  k* 


-  2k 


,  for  J 2  k-  k3  <  sin  0  <  1  . 


3.6  The  aaxinun  Talus  ef 
Ve  find 


/VM 

^  J  occurs  for  s: 


for  sin  0  -  y2k*lt». 


3.7  Squat ions  (36)  and  (37)  were  used  to  conpute  the  curres 

appearing  in  Tig.  3. 


3.8  The  following  mines  illustrate  the  reading  of  figure  J: 
when  h  *  2.37  and  Ig  ■  30.0*  (Bo-Sx)  ■  15*0. 
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IT.  Conclualoa 


When  the  aora  deairable  ground-range  preeentation  ia  net 
available  and  the  radar  aet  doea  perait  the  uae  of  a  conetant  delay, 
the  aagnitude  of  the  delay  to  be  uaed  hae  an  optiaroa  value  predicated 
upoa  the  problea  atated  ia  Section  I.  Thia  optiaua  value  aay  be 
obtained  directly  froa  figure  2  with  aufficlent  accuracy. 
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